Background and objective: Extraction of an impacted mandibular third lower molar tooth is one of the common surgical procedures that may lead to the damage of inferior alveolar nerve due to roots proximity to the mandibular canal. This study aimed to know the relative relationship and proximity of the mandibular third molar roots to the inferior alveolar canal in relation to gender, age, depth of impaction, relation with ramus, and type of angulation of the impacted tooth in Kurdistan population. Methods: A sample of 366 digital panoramic radiographs of patients with impacted mandibular third molar was studied. Panoramic radiographic signs images were evaluated for the presence of root contact with the superior border of the mandibular canal, darkening of the roots apex, deflected roots, narrow root, superimposition of the canal, interruption of the white line, diversion of the inferior alveolar canal, and narrowing of the inferior alveolar canal. The depths of impaction, relation with ramus, and type of angulation were also studied. Results: Significant relation of the proximity of the mandibular third molar roots to the inferior alveolar canal with the gender (P = 0.001) and age (P <0.001) were seen. A significant relation of the proximity of the mandibular third molar roots to the inferior alveolar canal with the depth of impaction (P <0.001), relation with the ramus (P = 0.004), and angulation of impaction were also seen (P <0.001). Conclusion: Significant relation of the proximity of the mandibular third molar roots to the inferior alveolar canal with gender, age, depth of impaction, relation with the ramus, and angulation of impaction were seen.
Introduction
The inferior alveolar nerve enters the mandibular canal through the mandibular foramen on the medial surface of the ascending mandibular ramus, along with the inferior alveolar artery, the inferior alveolar vein and the inferior alveolar lymphatic vessels and together they are called the inferior alveolar neurovascular bundle. 1 The mandibular canal containing this neurovascular bundle runs obliquely downward and forward in the ramus, and then horizontally forward in the body till the mental foramen. The neurovascular bundle is generally well protected within the mandibular canal, however, may have areas of perforation and exposure where roots of the mandibular teeth are in contact with the canal in the third molar region. 2 The relationship of these mandibular third molar roots to the variable position and anatomy of the mandibular canal containing the inferior alveolar nerve may at times present the surgeon with even more difficult surgical challenges, with unpredictable and undesirable surgical outcomes. [3] [4] [5] Different complications like inadvertent crush injury, stretch injury, or even severing of the inferior alveolar nerve may occur when the relationship is not clear. [6] [7] [8] [9] [10] [11] [12] The most appropriate radiographic techniques relied on by surgeons for many years have been an orthopantomogram (OPG). The OPG scanners require less technical skill to operate and have cheaper associated running costs than CT machines, with a relatively low radiation dosage. 13 An overall view of all of the important anatomical structures is possible in a single OPG radiograph scan, as the relationship and proximity of the mandibular impacted third molar roots to the inferior alveolar canal (IAC), this alerts the surgeon to be careful in the approach to different types of surgery in the area. [13] [14] [15] A literature research revealed a lack of studies showing the relation of the impacted mandibular third molar roots to IAC in Kurdish population/ Iraq. Therefore, the aim of this study was to examine the relationship and proximity of the impacted mandibular third molar roots to the IAC in relation to the gender, age, depth of impaction, mandibular ramus, and angulation of impacted tooth in Kurdistan population, Iraq. third molars, radiographical features of the presence of alveolar bone separating the apex of impacted tooth from the canal, craniofacial anomalies (e.g. Down syndrome and cleidocranial dysostosis), any prior extraction of the mandibular third molar, or had any missing mandibular second molars were excluded in this study. Study variables: All assessment was done by two examiners. Prior to the study, a pilot study was carried out where 40 OPGs were examined until complete inter-examiner reliability and reproducibility achieved. Radiographic data were collected from panoramic radiographs and the relative relationship and proximity of the mandibular third molar roots to the IAC can be predicted by several radiographic signs, four signs for the root and four signs for the canal was studied as explained by Gomes et al. (2005) and Beirne and Hujoel (2012) 16,17 with some modification (Figure 1 ): 1. Roots of the mandibular third molar in contact with the superior border of the mandibular canal. 2. Darkening of the roots apex: Usually the density of the root is the same throughout its length, but when there is impingement of the canal on the tooth root, there is a loss of density of the root and the root appears darker. 3. Deflected roots: A close, proximal relationship of root to the mandibular canal may be seen as an abrupt deviation of the root as it encounters the inferior alveolar canal. 4. Narrow root: Narrowing of the root where the canal crosses. 5. Superimposition of the canal. This occurs when the superior and inferior cortical bone borders of the mandibular canal are superimposed on the root of the third molar. 6. Interruption of the white line: The white lines are the two radio-opaque lines that constitute the roof and floor of the inferior alveolar canal. The white line is considered to be interrupted when the root lies in the canal, and the white line of the superior
Methods
A retrospective study of a sample size of 366 digital panoramic radiographs of patients with impacted mandibular third molar in the period between 2013 and 2015. The data were gathered from the Diagnostics Department at the College of Dentistry/ Hawler Medical University. The panoramic images were performed using the (Fona XPan DGPlus, Italia). The research project was approved by the Research Ethics Committee at College of Dentistry, Hawler Medical University under the protocol. The inclusion criteria employed in this study were (i) patients with 20-25 years old, (ii) the presence of fully visible unilateral or bilateral impacted mandibular third molars (iii) visible inferior alveolar canals, and the impacted teeth with one radiographical feature regarding the proximity to IAC. Any radiographic record which showed pathology or resorption in apical area of mandibular border of the canal may be absent. 7. Diversion of the inferior alveolar canal: The canal is considered to be diverted if, when it crosses the mandibular third molar, it changes its direction. 8. Narrowing of the inferior alveolar canal: This refers to the constriction of the inferior alveolar canal and can be indicative of a close proximity of the nerve to the tooth. Age and gender were recorded as demographic variables. To consider the third molar as impacted, the third molar should not have a functional occlusion while the root formation is completed 16 . According to the Pell and Gregory classification, the relation of the cementoenamel junction of the third molar with the bone level is categorized as follows: Level A: Not buried in bone; level B: Partially buried in bone if any part of CEJ was lower than bone level; level C: Completely buried in bone. 18 According to the Pell and Gregory classification, the position of the distal surface of the third molar crown in relation to the anterior border of the ascending ramus is categorized as follows: Class I: There is sufficient space available between the anterior border of the ascending ramus and the distal aspect of the second molar for the eruption of the third molar. Class II: The space available between the anterior border of the ramus and the distal aspect of the second molar is less than the mesio-distal width of the crown of the third molar. It denotes that the distal portion of the third molar crown is covered by the bone of the ascending ramus. Class III: The third molar is totally embedded in the bone of the anterior border of the ascending ramus because of the absolute lack of space. Class III teeth present more a more risk of damaging the inferior alveolar nerve or fracturing the mandible. 18, 19 Based on Winter's classification, the angle between the longitudinal axis of the second and third molars (measured by an orthodontic protractor) is categorized as vertical impaction: 10 to −10; mesioangular impaction: 11−79; and horizontal impaction: 80-100; distoangular impaction: −11 to −79. Teeth outside of these categories were classified as aberrant.
20
Statistical analysis: The data were analyzed using the statistical package for the social sciences. A Chi-square test was performed to find the possible association between the detected variations and each factor. A statistically significant difference was considered to be present when P value was equal or less than 0.05. The OPGs of patients studied which fulfill the inclusion criteria were 366. The number of OPGs in males was 132 OPG (36.07%) and the number of OPGs in females was 234 (63.93%). Table 1 shows that there is a significant difference in the gender distribution regarding the number of OPGs with the impacted mandibular third molar (P = 0.001). The total number of impacted teeth studied was 642 (316 in the right side and 326 in the left side). The number of impacted teeth in males was 279 (43.46%) and the number of impacted teeth in females was 363 (56.54%). Table 2 shows that there is a significant difference in the number of impacted teeth present between males and females (P = 0.001). The relative relationship and proximity of the mandibular third molar roots to the IAC in relation to gender and age are seen in Table 3 . The proportions of females were more than males in all the apex relations especially the narrowing of the roots (71.43%). Statistical analysis showed significant relation present between the gender and relationship of the mandibular third molar roots to the IAC (P = 0.001). In every age group, the percentages of impacted teeth in which the root touch the superior border of the IAC was seen more frequently than the other types of relations. Statistical analysis showed a significant difference between every age group and the relationship of the mandibular third molar roots to the IAC (P <0.001). The distribution of impacted teeth according to different parameters used in the study is present in Table 4 . There was a higher prevalence of teeth with depth C of impaction (309, 48.13%), most of the teeth were classified as Class II (246, 38.32%), vertical angulation showed higher prevalence (351, 54.67%) and most of the teeth seen just touch the superior border of IAC (34.89%). The number of aberrant teeth was 13 (2.02%), and only one tooth seen in contact with the superior border of the mandibular canal, and most of them are away (Figure 2 ), so this type of angulation was excluded from the study. The relative relationship and proximity of the mandibular third molar roots to the IAC in relation with the depth of impaction and relation with ramus are seen in Table 5 . The result showed that most of the impacted teeth which touch the superior border of IAC appear at depth A (43.30%), while all other relations were seen mostly associated with type C depth of impaction. Statistical analysis showed a significant relation of the proximity of the mandibular third molar roots to the IAC with the depth of impaction (P <0.001). Most of the impacted teeth which touch the superior border of IAC or showed darkening of roots, interruption of the white line, and narrowing of IAC appear mostly in class II relation with the ramus (39.29%, 47.75%, 37.11% and 40.43%, respectively). Impacted teeth with narrow roots or cause diversion of IAC appear mostly in class III relation with the ramus (47.62, and 40% respectively). But superimposed teeth appear mostly in class I or class III relation (40.82%). Statistical analysis showed a significant relation of the proximity of the mandibular third molar roots to the IAC with the relation of the impacted tooth with the ramus (P = 0.004). The relative relationship and proximity of the mandibular third molar roots to the IAC in relation with the angulation of impacted The OPGs of patients studied were 366, and the age range of patients included in the study was 20-25 years. Hazza'a et al. 21 found that the greater number of impacted mandibular third molar was seen within the age group 20-25 years. Costa et al. 22 found that the greater number of impacted mandibular third molar was seen within the age group 21-25 years. For this reason, the age of the patients selected was between 20-25 years. The result showed that the incidence of mandibular third molar impaction was significantly higher in females in comparison to males. Other studies also reported a gender predilection for females. 18, [23] [24] [25] The higher incidence in women could be attributed to the fact that the physical growth in women usually stops earlier than men leading to a smaller jaw size. 23 Moreover, the initiation of third molar eruption in women normally happens after the growth of the jaw is completed. In men, however, the jaw growth continues during the third molar eruption and thus provides more space for the tooth. 23 In Deshpande et al. 26 study, there was 42 (65.6 %) males, and 22 (34.4 %) females and the male to female ratio was 1.9:1. In the study sample of the current research, the most common impaction level was Class C (48.13%).
Results

Gender
In contrast, some studies found that the most common impaction level was Class B, 22, 23, 27, 28 while other studies reported Class A as the predominant impaction level. 18, 29, 30 This can be explained by the difference in classification methods according to the position of the cementoenamel junction in Discussion tooth are seen in Table 6 . The result showed that the highest percentages of impacted teeth with vertical, mesioangular, and horizontal impaction were seen just touch the superior border of IAC (30.77%, 38.61%, and 44.77% respectively), followed by the darkening of roots (25.07%, 24.26%, and 23.89% respectively). But the highest percentages of impacted teeth with distoangular impaction were seen just touch the superior border of IAC (36.37%), followed by interruption of the white line and narrowing of IAC (13.63%). Statistical analysis showed a significant relation of the proximity of the mandibular third molar roots to the IAC with the angulation of impaction (P <0.001). 18 in Iran, and Byahatti (2015) 32 in India found that most of the impaction studied were mesioangular. It should be noted that changes in human lifestyle have resulted in smaller jaws sizes; hence, the space available for the third molars to erupt has decreased. 19 Furthermore, racial differences can affect the maturation and eruption timing and also the size of the jaw; this would also explain the different rates of incidence reported for different countries. 18, 27, 32 In the present study, touching the superior border of the IAC represents the highest percentage than the other types of proximity (34.89%), while panoramic signs of the deviation of the canal and narrowing of the roots were the least frequent. Hazza'a et al. 21 found that superimposition constitutes the highest percentage (45.5%) than the other types of proximity. Alabed Mela et al. 33 found that interruption of the white line of the canal was the most frequent panoramic radiographic sign (47.0%). Monaco et al. 34 and Tantanapornkul et al. 35 found that panoramic signs of the darkening of the roots and the interruption of the radiopaque border of the canal were the most frequent, while panoramic signs of the deviation of the canal and narrowing of the canal were the least frequent. Shankar et al. 36 study seven radiographical signs and found that out of the 114 cases 44 (38.6%) cases presented with interruption of the white line, and 29 cases (25.4%) showed darkening of the root. The differences may be due to the methods used. Statistical analysis showed a significant relation of the proximity of the mandibular third molar roots to the IAC with the depth of impaction (P <0.001), relation with the ramus (P = 0.004), and angulation of impaction (P <0.001)). No other studies present for comparison. Some authors prefer CBCT for more accurate results about the relation of the apex of impacted mandibular third molar to the mandibular canal. But Fatima and Ahmed 37 found that panoramic radiographs are as accurate as CBCT is assessing the relation of the mandibular third molar to the mandibular canal. Nakagawa et al. 38 and Ardakani et al. 39 studied the reliability of panoramic radiography before surgery in some patients and concluded that panoramic radiography is capable of predicting the relationship between the third molar and the mandibular canal.
Conclusion
Significant relation of the proximity of the mandibular third molar roots to the inferior alveolar canal with gender, age, depth of impaction, ramus, and angulation of impaction was seen. This result can be used by the surgeon to prevent the unwanted complications of impacted lower third molar teeth surgery.
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